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In excitable cells, regulated exocytosis is coupled to endocytic membrane retrieval. Yuan et al. (2015) in this
issue of Developmental Cell report a possible mechanism for such exo-endocytic coupling that is based on
stimulation-induced hopping of clathrin-containing endocytic structures to nascent sites of insulin granule
fusion.Neurons and other excitable cells such as
insulin-secreting b-cells rapidly release
neurotransmitters or hormones by regu-
lated exocytosis of vesicles or granules
in response to membrane depolarization.
Exocytic membrane fusion has to be
coupled to compensatory membrane
retrieval to prevent membrane expansion
and loss of tension, as well as to recycle
vesicle or granule components. In neu-
rons, fast and slow mechanisms of
local presynaptic membrane retrieval
and vesicle reformation have been des-
cribed (Kononenko and Haucke, 2015).
In contrast, much less is known about
how granule membrane components
are retrieved post-fusion in endocrine
cells and how exo-endocytic coupling
may occur. Now in Developmental Cell,
Yuan and colleagues (2015) have tackled
this problem by simultaneously record-
ing granule fusion and the movement
and budding of clathrin-coated endocytic
structures (CCSs) in insulin-secreting
cells. They show that exocytic granule
fusion triggers the lateral movement
(‘‘hopping’’) of preformed CCSs to
nascent fusion sites in a process that
depends on microtubules and a local
diacylglycerol (DAG) gradient, thereby
coupling membrane fusion to endocytic
retrieval of granule components.
In neurons, exocytosis of neurotrans-
mitter from synaptic vesicles occurs at
specialized so-called active zones and is
spatiotemporally coupled to the rapid
retrieval of exocytosed vesicle proteins
from the surrounding periactive zone
area (Haucke et al., 2011) by clathrin-in-
dependent as well as clathrin-dependent
endocytosis (CME) mechanisms (Kono-
nenko and Haucke, 2015). Such close
coupling of regulated exo- and endocy-
tosis at synapses is crucial for sustained
neurotransmission, e.g., to clear release10 Developmental Cell 35, October 12, 2015sites of previously exocytosed material
and to maintain the fusion competence
of recycled synaptic vesicles (Hosoi
et al., 2009). In contrast, in non-neuronal
cells, CME is thought to be initiated by
the assembly of adaptors and clathrin at
random membrane sites (Ehrlich et al.,
2004) from which mature clathrin-coated
endocytic vesicles eventually bud on a
timescale of many seconds to one minute
(Ehrlich et al., 2004). It is conceivable that
other types of excitable cells such as hor-
mone-secreting b-cells, in spite of their
lack of morphologically discernible active
zone release sites, also display some form
of exo-endocytic coupling, but little is
known about whether such mechanisms
exist and how they operate.
Yuan et al. (2015) set out to test the
hypothesis that stimulated exocytosis
of insulin-containing secretory granules
may be coupled to CME. The authors
applied dual-color total internal reflection
microscopy (TIRFM) paired with the use
of pH-sensitive fluorescent reporters of
granule exocytosis (so-called pHluorin)
to simultaneously visualize fusion of
secretory granules and the dynamic
behavior of CCSs labeled with a clathrin
light chain-DsRed fusion protein. Spatio-
temporal alignment of the exocytic
pHluorin and the clathrin signals revealed
a surprisingly close coupling between
granule fusion and focal clathrin accu-
mulation in close proximity to fusion
sites. Clathrin puncta disappeared with
a bimodal distribution with time constants
of about 10 s and 25–30 s, respectively.
Closer inspection of individual traces
further revealed three types of clathrin
behavior, each representing about one-
third of all events: (1) Pre-existing
CCSs, (2) CCSs formed de novo, and
(3) CCSs recruited laterally from nearby
sites, a process the authors have termedª2015 Elsevier Inc.‘‘hopping.’’ Interestingly, pre-existing
CCSs disappeared relatively rapidly from
fusion sites with a latency of 10–15 s,
while hopping CCSs departed within 25–
30 s, still considerably faster than CCSs
formed de novo, which often did not pinch
off within the time frame of observation.
These data thus uncover a coupling of
exocytic granule fusion and CME and
suggest that endocrine cells are able to
recruit endocytic structures to fusion sites
on the plasma membrane rather than
solely relying on random CME events.
What directs the lateral movement of
hopping CCSs? To address this important
question, Yuan et al. (2015) monitored the
lateral movement of CCSs with respect to
its relationship to the cytoskeleton and
found that hopping CCSs often migrated
along cortical microtubules rather than
the actin cytoskeleton. This movement
seemed to be independent of any of the
microtubule motors tested but required
anchoring proteins such as ELKS, a pro-
tein known to associate with exocytic
active zones in neurons (Haucke et al.,
2011). Moreover, mobile CCSs based
on pharmacological perturbation experi-
ments appeared to follow a gradient of
DAG formed by phospholipase C-medi-
ated hydrolysis of phosphatidylinositol
4,5-bisphosphate during depolarization-
driven exocytic calcium influx. How pre-
cisely such a gradient acts remains to
be determined, though the authors spec-
ulate that DAG formed at fusion sites
may locally reduce membrane tension
and thereby facilitate lateral movement
of CCSs. Clearly, further work will need
to explore this possibility.
Finally, the question arises as to how
exo-endocytic coupling involving pre-
formed or hopping CCSs may aid in
sustaining insulin secretion. The authors
aimed to address this issue from several
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ity of fusion sites contain putative granule
components such as synaptotagmin VII,
though the localization of this protein re-
mains debated (Moghadam and Jackson,
2013). More importantly, they provide ev-
idence that pharmacological impairment
of CME by inhibition of dynamin or clathrin
(von Kleist et al., 2011) reduces endocytic
membrane retrieval and results in a potent
impairment of exocytosis induced by
multiple rounds of membrane depolari-
zations. Such impaired exocytosis could
result from (1) mis-sorting of granular
fusion proteins, as demonstrated for over-
expressed tagged VAMP/synaptobrevin
2, (2) reduced numbers of release-com-
petent granules, a possibility not investi-
gated in depth, or (3) impaired clearance
of plasma membrane fusion sites, as pro-
posed for high-frequency neurotransmis-
sion at certain types of synapses. Future
studies will need to test these possibilities
in detail.
The work by Yuan et al. (2015)
offers surprising and potentially importantinsights into the elaborate interplay be-
tween exocytic fusion and compensatory
membrane retrieval in professional secre-
tory cells. It also reveals an unexpected
role of the microtubule, rather than actin-
based, cytoskeleton in providing tracks
for the lateral migration of CCSs, previ-
ously thought to be laterally immobile.
Whether and how this association relates
to the role of the clathrin adaptor AP-2
in stabilizing microtubules by associating
with tubulin acetyl transferase (Monta-
gnac et al., 2013) remains to be deter-
mined. Several other important questions
also remain. For example, what is the
nanoscale architecture of the hopping
CCSs observed at the level of conven-
tional light microscopy? It seems difficult
to imagine that fully formed, deeply
invaginated clathrin-coated pits are later-
ally mobile on a timescale of seconds.
Hence, determining the exact nature of
hopping clathrin puncta, for example,
by correlative light and electron micro-
scopy and/or super-resolution imaging,
and the mechanisms that enable suchDevelopmental Cell 3dynamic behavior, will provide an impor-
tant avenue for future research.
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